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Keywords intraepithelial telocytes, stromal telocytes, salinity, chloride cells, stem cells, 28 Rodlet cells. 29 Na,K,2Cl cotransporter (NKCC) and sodium pump (Na,K-ATPase). CFTR is considered 122 as a membrane protein located on the apical surface of many types of epithelial cells. 123 CFTR is a cyclic AMP-dependent chloride channel, a bicarbonate channel and as a 124 modulator of other ion channels (Derichs 2013). The Na-K-Cl cotransporter (NKCC) is a 125 membrane transport proteins that involved in the active transport of sodium, potassium, 126 and chloride ions across the cell membrane (Russell 2000). Na-K-ATPase is an 127 electrogenic transmembrane enzyme located predominantly on the basolateral surface of 128 the chloride cell and actively transport chloride, rather than sodium across the plasma 129 membrane (Suhail 2010). Pavement cells mostly cover the surface the of the filament and 130 lamellar epithelium. They considered as ion transporting cells; their cell membrane is rich 131 in hydrogen ion channels (Laurent, Goss et al. 1994; Perry and Fryer 1997). In the 132 current study, we focused on the communicating cells; telocytes which influence the 133 large population of stromal, muscular, and epithelial cells. The aim of the present study 134 was to investigate morphological alternations of telocytes subjected to salinity stress and 135 their effect on different types of cells with special reference to the osmoregulatory and 136 immune and stem cells in the common carp. 137 138 139
Materials and methods 140

I-Fish source and transportation 141
The common carp, Cyprinus carpio. was obtained from a private fish farm at El-142 Dakahlea Government and transported in large water tanks. During transportation, the 143 oxygen level was maintained at 5 mg/l and water tank temperature was 23°C ±3 and pH 144 value at 7.2 -7.5. 145
II-Fish acclimation 146
Apparently, healthy fingerlings fish measured about the length of 7±2 cm and aged 1 147 month old. The body weight was 10±2 g, and. Fish were collected and transported to the 148 wet laboratory at Faculty of Veterinary Medicine, South Valley University, Qena, Egypt. 149
Fish were maintained under laboratory conditions during adaptation in running water 150 (salinity = 0.2 ppt) for 3 weeks before conducting the experiments and fed twice daily to 151 ad libitum feed on a commercial floating powdered feed containing 45% protein with a 152 feeding rate of 3% of their body weight. 153
III-Aquaria 155
Fish were originally kept in a re-circulating system in porcelain aquaria (260 ×65×70cm) 156 according to the protocol of maintaining bioassay fish as was previously described 157 (Ellsaesser and Clem, 1986). Experiments were conducted in fiberglass aquaria with 158 dimensions of 60×30×40 cm. Dissolved oxygen level was maintained above 5 mg/l while 159 water temperature was kept at 23°C ±3 and pH value at 7.2 -7.5. 160 161 IV-Salinity exposure 162 36 acclimated, apparently healthy Common carp, C. carpio were selected with a body 163 weight range of 9 -11 g to serve as the experimental groups. Fish were divided into 12 164 fiberglass aquaria (60×30×40 Cm) to serve as 4 experimental groups, each group contains 165 9 fish, and there were 3 replicates for each salinity group. Three groups were gradually 166 subjected to three different salinities until concentrations of 6, 10 and 14 ppt with 2 g/L 167 NaCl increase every two days. The fourth group was reared in freshwater; a dechlorinated 168 tape water of 0.2 ppt salinity level and considered as control group. Water was changed 169 every two days with water that had desired salinities, and aquariums were also cleaned at 170 this time. Salinity was checked and adjusted regularly every two days during a water 171 change. When common carp reached the final desired salinity, fish were allowed to 172 acclimate to the new salinities for a minimum of two weeks before sample collections. (Fig. 5C, Fig. 7E, F) . In 14 ppt treated samples, 284 massive lysosomal-rich macrophages were observed in the stroma and epithelial 285 lymphatic spaces (Fig 6B, Fig. 7G ). 286 287 Telopodes of several telocytes wrapped around stem cells and partially enclosed the stem 288 cell. Telopodes formed a planar contact along the cell membrane of the stem cell, 289 telopodes gave rise small branches extended into the cytoplasm of stem cell ( Fig. 11 A,  290  B ). Telocytes and their telopodes surrounded and established direct contact with the 291 skeletal myoblast ( Fig. 11 C, E, F). Telopodes also formed contact with Schwann cells 292 ( Fig. 11 C, D) . 293 294 Intraepithelial and stromal telocytes formed contact with immature rodlet cells (granular 295 rodlet cells) ( Fig. 4 F-H, Fig. 5A-D, Fig. 9A, B ). Telocytes shed secretory vesicles and 296 multi-vesicular body in the vicinity of immature rodlet cells (Fig. 9A, B) . The secretory 297 vesicles of the telocytes were observed in the surface epithelium ( Fig. 9 C, D) . 298
Intraepithelial telocytes established planar contact with pavement cell (Fig. 9E ). In 299 control samples, Pavement cells were flattened with short microvilli (Fig 4A) . Pavement 300 cells undergo modifications in salinity treated samples They enlarged in 6 ppt treated 301 samples (Fig. 9C ). In 10 ppt salinity concentration, they were cuboidal in shape (Fig.  302   9E ). Pavement cells became elongated and appeared columnar-shaped in 14 ppt level of 303 salinity (Fig. 6A) . The micro-ridges became thin, elongated and extended beyond the 304 epithelial surface. Micro-ridges could be seen attached to or enclosing the secretory 305 vesicles of the telocytes. The surface of pavement cells formed pit-like invaginations 306 ( Fig. 6 C, D) . 307 308 Intraepithelial telocytes established planer contact with Chloride cells (Fig. 5D, 6C) . 309
Chloride cells undergo structural modifications during elevation the level of the senility. 310
By TEM, they enlarged, and increase in number gradually depending on salinity 311 concentration. the mitochondrial number increased and changed their morphology from 312 rounded or oval in control group to elongated cigar-shaped in treated samples. Chloride 313 delivered the secretory vesicles of telocytes which were transferred through the intra-314 epithelial lymphatic space (Fig 10 A-D, Fig. 5C, Fig. 6A ). Amount of mitochondria in the 315 chloride cells was also evaluated by using Heidenhain's Iron-Hx. Mitochondria appeared 316 as black granules which increased with the level of the salinity (Fig. 3E-H) . In the current study, common carp couldn't sustain salinity levels more than 10 ppt. High 386 mortality rate in fish aquarium began in 12 ppt and was markedly increased in 14 ppt. 
